Abstract -This paper describes the design and development of a path planning method for Micro Robot Soccer Tournament (MIROSOT). Every object in the stadium is given a working layer which is decomposed into a fixed number of small areas. We propose to assign values to different small areas of the layer according to the object's movement. The final path is obtained by combining the small areas of the layers and getting the path with the smallest values. Since the host computer uses only a simple equation to calculate the value of each small area, this algorithm requires only a low computing power, and the speed of path generation is very fast. A simulation program has been developed to test the algorithm's performance.
I. INTRODUCTION
Path planning is one important topic in the problem of robot navigation. In this paper, a path-planning method is proposed which is to be applied to wheeled mobile robots (WMRs) for soccer games in a 2-dimensional area. In a robot soccer game environment, a video camera captures the stadium image and the host computer extracts the locations of the home soccer robots, the opponent soccer robots and the ball. The target position of each home robot is determined based the game strategy. The detailed operation of the robot soccer game is shown in [l] . Once a target position is given, our proposed method will plan the optimal path for the soccer robot to move to the target position without colliding with other robots.
Many methods of path planning have been reported. The simplest method is to generate a straight-line path connecting the source and destination points [2]. This method will fail if obstacles are present in the generated path. Many researchers develop methods for various applications.
The roadmap method [3] involves pre-processing of the known environment, making it suitable for navigation in a static environment. Cell decomposition [4] method is based on the idea of a product operation defined on the cells in a decomposition of a two-dimensional free space. It also works on a static environment, and the complexity of the path-planning depends on the decomposition method, the number of cells and the algorithm of sorting the cells. Potential field method [5] involves defining a potential function and ' The work described in this paper was substantially supported by a solving for the gradient of this function. It will take a long computational time although it can be applied in a dynamic environment to give an optimally planned path. The method proposed in this paper can work in a dynamic environment while a low computation power is demanded thanks for its simplicity. This paper is organized as follows. The working principles are described in Section 11. The path-planning algorithm with examples for explanations are given in Section 111. Simulation results verifying the algorithm and displaying the small area values of the stadium are given in Section IV. A conclusion will be given in Section V.
WORKING PRINCIPLE
The stadium of the micro robot soccer tournament (MiroSot) is divided into a number of small areas, and values will be assigned to each of them. Every object (a home robot, an opponent robot, a target point or the ball) in the stadium will have its individual layer of assigned values in the small areas. These layers include: Source layer -for the home robot to be controlled in the next command; Obstacle layers -for the opponent robots and the home robots not under the control of the next command; Target layer -for the destination position, which may be a ball position or a special position in the stadium. If the target is not the ball, a ball layer should be added. The assigned values are based on the object movement, object position and the operation mode of the game strategy; all values are governed by an equation to be discussed in the next section. Aprogram with repeated calculation procedures will be used to fill up all values in each layer. After the values in the small areas of all layers are assigned, the layers will be combined such that each small area of the combined layer will have a resultant value. The planned path starts from the source position and connects the small areas with the minimum resultant values until it reaches the target position. It should be noted that on assigning values to the small areas, the moving direction of the object will be considered. For the opponent robots and the ball, the trick is to consider the history of their positions. For obstacle layers, the smallest value will be assigned to the small area opposite to the area pointed by the moving direction. In this way, the generated path will avoid the obstacles.
PATH PLANNING ALGORITHM
The proposed path-planning algorithm can be summarized as follows:
Step 1. Divide the working area (the stadium) into small areas. The number of areas will affect the smoothness of the path. More areas will give a smoother path but the computer will need more computational power to realize the real-time operation. Since the robots take different positions, the working layer of each robot will have its own characteristics. In MiroSot, six robots and one ball are present in the stadium. Considering also the target point, we may have eight layers (seven layers if the ball is the target).
The number and the form of small areas in each layer are the same.
Step 2. The value assignment to the areas in each layer is considered. For the home robot to be controlled, there is a current position (I) and a target position (E) in a source layer such that the moving direction is the direction of the shortest line from
I to E. For other home robots, the moving direction is also known. For an opponent robot or the ball, the moving direction is obtained by considering the current position and the previous position stored. The source layer is considered first by calculating the lengths of the distances from the current position to all other small areas in the layer. The assigned value is obtained using the following equation:
where R(x8) is the value in the small area of coordinates (xJ), l(x8) is the length between the current position and (xJ), a is a constant used in all layers, q, . +, ) is the angle between the line of the shortest distance and the line of I(=$), round(.) rounds up its argument to the nearest interger., From (I), it can be seen that the value in each small area is assigned based on the necessary linear displacement from the current position to (x, y), and the angle between the desired orientation and the orientation towards (x, y). The value of $,+) is normalized to lie within [0,
13.
Under a chosen value of a, R,, is rounded up to an integer. The criterion of choosing the value of a is to ensure the integer values assigned the small areas are sufficient to distinguish the relative possibility a small area is on the planned path. Every layer should use the same value of a. For instance, as shown in Fig. 1, if we choose a=4, can be calculated as follows:
Step 4 When the ball is not the target of movement. We have a target layer. The angle is formed between the line from (E) to (I) and the line of l(x,y). Fig. 2 shows the area values in the target layer. Since now the ball is not the target, the target should be a stationary position. In order to generate the path, the initial and target positions must be given. The path-planning algorithm is to generate the optimal path between these two positions with obstacle avoidance.
If there is no obstacle in the working place, the two layers (source and target layers) are combined by taking the minimum values in the small areas of the same (x, y ) coordinates, and these minimum values are stored into the target layer. Finally the planned path will start from the current position (I) and pass through small areas with the lowest values, until it reaches the target position. Fig. 3 shows the planned path and the values of different small areas. It should be noted that the optimal path is not necessarily unique.
If an obstacle (0) is present, an obstacle layer is generated. The value assignment for each small area is still based on (1). Since the basic aim is to avoid colliding with this obstacle, is formed between the line starting from the obstacle position in the opposite direction of its movement and the line of l(x,y) measured from the obstacle to (x, y). Fig. 4 shows the obstacle layer with assigned values in the 42 small areas. This layer's values will be compared with the values obtained in step 2, and the minimum values will be taken. This step is repeated until all obstacles are considered. If the target is not the ball, a ball layer should be added which is regarded as an additional obstacle layer. If the target is the ball, the target layer is replaced by a ball layer, and the value assignment is still based on (1). Since the basic aim is to catch the ball, 4x,y) is formed between the line starting from the ball position in the same direction of its movement and the line of measured from the ball to (x,y). The values in the small areas of this layer will be compared with other layers' values obtained in step 2 & 3 and the minimum values will be taken.
Step 5 To plan the path based on the minimum grid values, a mask with 3x3 small areas should be used. Starting with a mask centered at the initial position (I), the 8 small area values surrounding it are checked and the minimum of them will become the next small area the robot moves to. This small area will also be the center of the mask for finding the next move. This procedure will repeat until the mask center is the target position (E). If more than one small area in a mask have the same minimum value, the small area nearest to the target position will be selected. An example for planning the final path is shown in Fig. 5 .
It should be noted that when the ball is the target, we are tackling a moving target. Besides, other obstacles are moving. It is assumed that all these movements are not fast so that they can be handled with a sampling period of 33 ms, which is the sampling period of the camera. In other words, the values assigned to the small areas of all layers and the planned path will be updated every 33 ms until the target is reached. The source is the home robot at H1. The target is the ball at E. The planned path is shown in Fig. 6 . The 3D plot is shown in Fig. 7 , in which the small areas' values are given as the z-axis values, while the positions of the home robots, the opponent robots and the ball are shown as vertical lines. 
IV. SIMULATION

Robot
V. CONCLUSION
This paper presents a method to plan the path for wheeled mobile robots. The proposed method involves decomposing the stadium into small areas and assigning values to them. We fix the size of the small areas and assign each object a layer in order to reduce the complexity. This method is fast when compared with the potential field method. It is because only a simple equation is needed to calculate the values of the small areas. The number of small areas in the stadium will affect the processing time, the values assigned to each small area and the memory size required in the computer program. 
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